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Executive Summary

“Cap and trade” is a market-based program that can be integral to California’s strategy for
reducing greenhouse gas (GHG) emissions. The program sets an emissions cap that can be
phased down over time. Regulated sources have flexibility to comply with the cap using
methods of their own choosing. The primary benefits of a cap-and-trade program are its ability
to establish a firm GHG emission limit for entities covered by the cap and to reduce emissions at
the least cost.

Because greenhouse gases (GHGs) are emitted from diverse sources and are long-lived gases
in the atmosphere, setting an emission cap and allowing emission trading is recognized as a
particularly effective strategy for reducing emissions. The European Union (EU) adopted this
approach to reduce GHG emissions from four energy-intensive sectors.

Based on our assessment of cap-and-trade program options, we offer the following:

* A cap-and-trade program can be implemented as part of a comprehensive emission
reduction effort that includes complementary programs and initiatives. The declining
emission cap can be the primary mechanism for motivating innovation and infrastructure
investments that are consistent with declining carbon intensity in the long term.

* A national approach to capping GHG emissions within an international framework would be
most effective. In the absence of national action, or even regional action, California can
lead by example by developing a cap-and-trade program as a model for national action.
The added impacts and benefits on the state of taking unilateral action must be assessed.

* There is no single, best solution for designing an effective cap-and-trade program. Trade-
offs are required to create a program that promotes low-cost emission reductions, in a
framework that is equitable and administratively feasible. Divergent interests must be
balanced in designing the program scope, emission allowance distribution, and other
program elements.

* There are several alternatives for defining the scope of a cap-and-trade program.

» A carbon cap on all fossil fuels provides the broadest opportunity to reduce GHG
emissions, covering about 75% of state GHG emissions, including both stationary and
mobile fossil fuel combustion.

> An emission cap focused on five industrial sectors would cover about 30% of state
emissions, including primarily stationary sources of fossil fuel combustion. Mobile
source emissions, accounting for about 42% of state emissions, are not easily
incorporated into a sector-based emission cap. However, alternative emission reduction
strategies can focus on mobile sources.

There are strengths and weaknesses of these, and other, options for defining the facilities
and emission sources covered by a cap-and-trade program.

* The impact of a cap-and-trade program on GHG emissions, the state economy, and
individual businesses and organizations, depends on the details of how the program is
designed and implemented. Impact analyses are required to assess the relative costs and
benefits of detailed program design alternatives.

* New legislative authority is required to implement a comprehensive cap-and-trade program
to reduce GHG emissions.

Public Review Draft Page 1



The next step in considering a cap-and-trade program is to develop data and perform analyses
that would provide the foundation for assessing: (1) whether to implement a cap-and-trade
program; and (2) how best to implement it to contribute to achieving the state’s GHG emissions
targets. If the decision is made to continue consideration of cap-and-trade program options, the
following would be the next steps.

Facility-Level Emission Reporting: Facility-level emission reporting is needed to support
the detailed consideration of a cap-and-trade program, and to better understand current
emissions and options for reducing emissions. The following steps are recommended for
adopting facility-level emission reporting requirements:

> A lead agency for implementing an emission reporting requirement must be designated.

» The legislative authority required to develop and implement mandatory reporting must be
identified and developed.

» Reporting protocols are needed to support the mandatory reporting. Multiple
stakeholders expressed support for the California Climate Action Registry’s protocols
and data management processes, which should be the used as the basis for providing
this capability.

Cap-and-Trade Program Alternatives: Several complete cap-and-trade programs should
be defined in detail, representing a range of program design options including a sector-
based approach and an upstream fuels-based approach. Stakeholder participation in the
development of these alternatives should be sought, including representatives of affected
industries, the Legislature, interest groups, and the general public. The program
alternatives should be presented publicly to get stakeholder feedback and public comment.

Analyses of Cap-and-Trade Options: Each of the program alternatives should be
evaluated to assess the program’s impacts on: GHG emissions; emission reduction costs;
state competitiveness, businesses, local governments, and jobs; and communities with
environmental justice concerns.

Legislative Authority: An analysis of the new authorities required from the California
Legislature is recommended, along with an assessment of any federal legal issues that may
arise.

Comparison with Non-Cap-and-Trade Options: The costs and impacts of the cap-and-
trade program alternatives should be compared to options for achieving the state’s GHG
emission targets that do not include a cap-and-trade program.

Electric Utilities as Load Serving Entities: Several cap-and-trade program options will
consider covering electric utilities as LSEs. Options for developing the detailed emission
tracking capability required to support this approach need to be defined.

Administrative Assessment: Administrative options for implementing each of the program
alternatives should be developed. The budget requirements to support the administration of
each program option should be assessed.

To ensure timely and continued progress toward meeting the state’s GHG emission targets, the
following timeframe can be implemented.

An emission reporting program can be developed in 2006 so that it can take effect in
January 2007. Authority to proceed is required from the California Legislature.

Detailed cap-and-trade program alternatives can be developed and analyzed in 2006 and
2007.
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* Assessments of whether and how to proceed with further consideration of cap-and-trade
program options can be conducted in 2007 with a recommendation to the Governor and the
Legislature at that time.
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1. Introduction

1.1 Purpose of this Report

This report assesses options for designing a “cap-and-trade” program to reduce greenhouse
gas (GHG) emissions in California. This report was prepared as one of the activities undertaken
to implement Governor Schwarzenegger’'s Executive Order S-3-05. Signed on June 1, 2005,
the Executive Order established the following GHG emission reduction targets for California:

* by 2010, reduce GHG emissions to 2000 levels;
* by 2020, reduce GHG emissions to 1990 levels; and
* by 2050, reduce GHG emissions to 80 percent below 1990 levels

The Governor directed the Secretary of the California Environmental Protection Agency to
coordinate efforts to meet the targets and report to the Governor and the State Legislature by
January 2006 (and biannually thereafter) on progress made toward meeting the emission
targets. The Executive Order also directs the Secretary to report on the impacts to California of
global warming, and on mitigation and adaptation plans to combat the impacts.

The Secretary assembled the Climate Action Team to address the requirements of Executive
Order S-3-05. The Climate Action Team includes representation from: the Business,
Transportation and Housing Agency, the Department of Food and Agriculture, the Resources
Agency, the Air Resources Board, the Energy Commission, the Public Utilities Commission, and
the Integrated Waste Management Board. The Climate Action Team is examining a broad set
of strategies for reducing emissions to meet the Governor’s targets.

Among the options being examined is a cap on GHG emissions from various sectors or
sources. The Cap and Trade Subgroup was created under the Climate Action Team to identify
and evaluate cap-and-trade program design options. The Subgroup was comprised of
representatives from the agencies included on the Climate Action Team, as well as
representation from the Department of Finance.

To prepare this report, the Subgroup reviewed and relied on a wide range of materials and
input, including comments from stakeholders and the public. The Subgroup held two public
meetings during which the Subgroup’s activities were presented and public input was solicited.
Comments were solicited on a discussion paper on cap-and-trade program options that was
made available on October 20, 2005. The Subgroup also reviewed and relied on information
from the docket supporting the California Energy Commission’s Integrated Energy Policy Report
(IEPR), including input from the Energy Commission’s Climate Change Advisory Committee.
This report presents the Subgroup’s results.

1.2 Organization of this Report

This report is organized as follows:

e Section 2 presents a brief overview of cap and trade as an emission reduction policy. This
chapter describes how a cap-and-trade program works, and provides brief descriptions of
previous cap-and-trade emission reduction programs.

e Section 3 presents design options for a cap-and-trade program. Each of the major design
elements is defined, and options are provided with a discussion of the pros and cons for
each.

e Section 4 summarizes environmental justice concerns associated with a cap-and-trade
program.
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e Section 5 provides a brief summary of other policy options that may be considered as
complements or alternatives to a cap-and-trade program.

» Section 6 lists next steps for considering a cap-and-trade program.
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2. Cap and Trade as an Emissions Reduction Policy

This chapter provides a brief overview of cap and trade as an emissions reduction policy. First,
the basic concept of a cap-and-trade program is defined. Next, the role of emission reduction
credits or “offsets” in a cap-and-trade program is described. Brief overviews of previous
implementations of cap-and-trade programs then follow. Finally, we address the question of
whether cap and trade is an appropriate policy to consider for reducing greenhouse gases
(GHGSs) in California.

2.1 What is Cap and Trade?

“Cap and trade” is a market-based policy tool that can be used to limit pollutant emissions for
environmental protection. The “cap” in cap and trade refers to a total emission limit (or cap)
that is imposed on all the sources included in the program. To ensure that total emissions from
all the sources included in a cap-and-trade program remain below the cap, the following process
is used:'

* The emission cap for the pollutant of interest is set. The cap is expressed in units of mass
per time, such as tons per year.

* The agency implementing the program creates a regulatory instrument that allows the
holder of the instrument to emit a specified amount of the pollutant. The instrument is
generally referred to as an “emission allowance.” For example, one emission allowance
may allow for one ton of the pollutant to be emitted in a year. The sum of the emissions in
all the emission allowances equals the emission cap.

* The sources that must comply with the emission limit are identified—these sources are
“covered by the emission cap.” The legal entities responsible for the sources (e.g.,
businesses and other organizations) are notified that their facilities must comply with the
cap.

* The emission allowances are distributed by the agency to the entities responsible for
complying with the cap. The process for distributing allowances can take various forms,
including giving the emission allowances to the appropriate entities or selling them.

* To comply with the emission cap in a given year, each entity must:
> report the actual emissions from its facilities covered by the cap; and

» surrender enough emission allowances to the regulatory agency to cover the actual
emissions from its facilities.

* The agency implementing the program tracks compliance by ensuring that actual emissions
are reported accurately and that each entity surrendered sufficient emission allowances to
cover its emissions. In the event that an entity’s emissions exceeded its emission
allowances, enforcement actions would be taken.

Through this process, total emissions each year can be kept at or below the emission cap. To
comply, each entity must ensure that its annual emissions are less than or equal to the number
of emission allowances it holds for the year.

The “trade” portion of cap and trade refers to the ability of entities to trade emission
allowances. If one entity needs more emission allowances to cover its emissions in a year, it
can purchase additional allowances from entities that have more allowances than they need.
This ability to trade emission allowances is what makes the policy “market based.”
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The concept of a cap-and-trade program was first articulated in the 1960s." The two primary
benefits of using this approach to limit emission are that: (1) emissions can be capped reliably;
and (2) the cost of reducing emissions is minimized. In order for the cap to be effective, the
program must be able to enforce its requirements. Effective enforcement requires the following.

* The agency implementing the program must be able to verify that all relevant facilities are
participating in the program and that the emissions reported by the facilities required to
comply with the cap are true and accurate. If false reports are not identified, cheating can
go undetected.

* The agency implementing the program must have the ability to impose penalties for non-
compliance that are sufficiently severe so that it is less costly to comply than to exceed the
cap. To keep emissions below the cap, the penalty can include a requirement that the
facility acquire emission allowances to cover its excess emissions.

These enforcement capabilities are no more onerous than what would be anticipated in any
regulatory program. The relatively simple requirement to surrender enough allowances to cover
actual emissions helps to simplify compliance tracking, and consequently makes enforcement a
straightforward exercise.

The cost of reducing emissions is minimized under a cap-and-trade program by allowing
emission allowances to be traded. Each entity that must comply with the cap has flexibility to
devise its own compliance strategy. Entities that can reduce emissions cheaply can reduce
emissions a lot and sell their excess emission allowances to others. Entities that find it costly to
reduce emissions may decide to purchase emission allowances rather than invest in emission
reduction technologies. Through this trading, the least-cost options for reducing emissions are
implemented across all the entities covered by the cap.

The value of using allowance trading to reduce compliance costs depends on the diversity of
compliance opportunities available to entities that fall under the cap. If all the entities under the
cap face the same (or very similar) costs for reducing emissions, then there is little or no benefit
to providing a trading mechanism. However, if some entities face high costs while others face
low costs, the benefits of allowing trading can be substantial.

While relatively straightforward in concept, there are several practical considerations that must
be addressed in designing and implementing a cap-and-trade program to reduce pollutant
emissions.

* Setting the Cap: Although a cap-and-trade program can reduce emissions at least cost,
there is no guarantee that the cost will be low. If the emission cap is stringent, the cost of
keeping emissions below the cap could be significant. Phasing in the emission reduction
can help reduce costs by providing a transition period during which emission reduction
actions can be undertaken. The eventual cost of reducing emissions will be driven by the
level of the cap, the cost of emission reduction technologies, and decisions made by
emission sources and consumers.

* Allowance Allocation: A mechanism is required for allocating the emission allowances to
the entities that must comply with the cap. The mechanism must be viewed as fair and
equitable, balancing diverse interests among the entities required to comply with the cap, as
well as the needs of society at large.

* Effective Trading Market: An effective market for trading emission allowances is required
in order to reduce emissions at least cost. An effective market requires enough participants
to facilitate liquidity and price discovery. Consequently, multiple and diverse emissions
sources must be in the program. In a market with too few participants, prices can be
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volatile, complicating decisions regarding whether to purchase allowances or to reduce
emissions.

Leakage: An effective cap-and-trade program must encompass all relevant emission
sources to prevent “emission leakage.” Emission leakage occurs when some facilities are
allowed to operate outside the cap. Under this circumstance, activities that emit GHGs
could shift from facilities that fall under the cap to those that do not fall under the cap. The
emissions “leak out” from under the cap by shifting to facilities outside the cap.

For example, leakage can occur when the cap applies to facilities in one jurisdiction, but not
to facilities in a neighboring jurisdiction. In this case, activities that emit GHGs could shift to
the neighboring jurisdiction to avoid the cap. The end result is that emissions are low at the
facilities under the cap, but emissions increase at facilities outside the cap.

Local Environmental Impacts: \When pollutants have local environmental impacts, it may
not be possible to allow complete compliance flexibility and unlimited emission allowance
trading because individual facilities could increase local emissions by purchasing emission
allowances. In this circumstance, specific emission restrictions may be needed to protect
against increased local impacts. Section 4 discusses environmental justice concerns
associated with using a cap-and-trade approach to reducing GHG emissions.

Through practical program design and implementation, these issues can be mitigated.
Experience with cap-and-trade programs has demonstrated that this approach can be effective
in reducing emissions at significantly reduced costs. Examples of emissions reduction
programs are discussed below in Section 2.4.

2.2 What Sources are Appropriate to Include in a Cap-and-Trade Program?

A cap-and-trade program is not necessarily the best approach for reducing emissions from all
types of sources. To be most effective, sources and the emissions being controlled in a cap-
and-trade program should have the following characteristics:

Able to Measure or Calculate Emissions: Facilities included in a cap-and-trade program
must be able to measure or calculate their emissions reliably. As described above, facilities
must report their emissions and the appropriate regulatory agency must be able to verify the
accuracy of the emission reports. To support emission allowance trading among facilities,
emission reports must be prepared with similar precision across facilities.

Compliance Flexibility is Appropriate: Cap and trade provides substantial compliance
flexibility to facilities covered by the cap. By purchasing emission allowances, some
facilities may be able to increase emissions. If a facility’s increased emissions causes
adverse local environmental impacts, for example from toxic emissions, then a cap-and-
trade framework would not be appropriate without steps taken to safeguard against the
creation of emission hotspots.

Administrative Feasibility: The sources included in a cap-and-trade program must not be
so small that they make administration of the program cost prohibitive. If sources are too
small, reporting and compliance tracking costs for both the complying entities and the
program administrators will be out of proportion to the emission reduction benefit achieved.

Adequate Number of Sources: To create a vibrant market for trading emission
allowances, a sufficient number of sources must be included in the program, ideally with
diverse costs and opportunities for reducing emissions.

Applying these criteria to GHG emission sources in California, we find that some sources fit
well, and others are less appropriate for inclusion in a cap-and-trade framework. Facilities with
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large stationary sources, particularly those emitting carbon dioxide (CO,) from fossil fuel
combustion, are the best fit for a cap-and-trade program: emissions can be measured or
calculated reliably, GHG emissions do not cause local environmental impacts, and the size and
number of facilities are appropriate.

The situation for process emissions is mixed. CO; emissions from clinker production during
cement manufacturing can be calculated reliably. Alternatively, some types of process
emissions, such a fugitive emissions, are less amenable to measurement or calculation at the
facility level. Consequently, many fugitive emissions sources may not work will under a cap-
and-trade program.

Emissions from biological processes can also be difficult to quantify, and may not work well
under a cap-and-trade program. Examples of biological sources include enteric fermentation
from livestock, manure management, soil cultivation and fertilizer application. Emissions and
sinks in forests also rely on biological processes. While emission inventories for forested areas
have been developed, they may not be suitable for use in a program that allows trading among
sources because the forestry emission/sink estimates are much more uncertain than the
emission reports for other sources.

Finally, some sources are too small to be included in a cap-and-trade program as individual
facilities. For example, each residence with a gas furnace or a gas cook top/oven is a source of
CO; emissions. Similarly, each gasoline-fueled passenger car emits several GHGs. It is not
practical, and it is unlikely to be effective, to cap emissions at each home or each car. As
discussed below, capping emissions from these small sources requires focusing upstream, such
as on total fuel use.

Exhibit 1 applies these criteria to the California emission inventory. Sources that are highly
suitable for including in a cap-and-trade program include electricity generation, many industrial
sources, and cement production. Sources that are somewhat suitable include methane
emissions from landfills and petroleum and natural gas supply and some sources of emissions
of high global warming potential (GWP) GHGs. As a group, these sources account for about
35% to 40% of statewide GHG emissions.

Not included in this group are emissions from transportation, which account for more than 40%
of statewide GHG emissions. Given the importance of this sector in the state’s GHG emissions,
alternative strategies for reducing emissions are warranted, such as an upstream cap-and-trade
approach (discusses in Section 3.2.3) or other policy options (discussed in Section 3.2.1.3 and
Section 5). Residential and commercial fossil fuel combustion account for another 8.5% of
emissions. An upstream approach would also be appropriate for capping emissions from these
sources, which are too diffuse to include individually.

Alternative regulatory approaches may be needed to reduce emissions from those sources that
are not suitable for including in a cap-and-trade program. The next section discusses tradable
emission reduction credits, and how the concept can be used to motivate emission reductions
from sources outside the emission cap. Section 5 discusses how other regulatory approaches
can complement a cap-and-trade program.

2.3 Do Tradable Emissions Reduction Credits Play a Role in Cap and Trade?

Tradable emission reduction credits (ERCs) are another form of market-based policy for
reducing emissions. Although a tradable ERC program is not the same as a cap-and-trade
program, the ERC concept can be included in a cap-and-trade program as emission offsets.
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Exhibit 1: Suitability of California GHG Emission Sources to a Cap-and-Trade Framework

2002 Emissions
Emissions Source (MMT CO,-eq)

% of State

Suitability for Cap and Trade

Inventory
Carbon Dioxide Emissions 391.5 82.6%
Fossil Fuel Combustion
Transportation 189.9 40.1% Individual sources too diffuse. Address upstream.
Electricity Generation — In-state 43.5 9.2% Highly suitable.
Electricity Generation — out-of-state 51.7 10.9% Highly suitable.
Industrial 74.6 15.7% Many sources highly suitable.
Residential and Commercial 40.3 8.5% Individual sources too diffuse. Address upstream.
Other 0.7 0.1%
Cement Production 6.2 1.3% Highly suitable.
Land Use Change and Forestry Emissions 4.3 0.9% Not well suited to cap and trade.
Other Carbon Dioxide Emissions 0.7 0.1%
Land Use Change and Forestry Sinks -20.3 -4.3% Not well suited to cap and trade.
Methane Emissions 31.3 6.6%
Enteric Fermentation, Manure Management, Rice Fields 14.5 3.1% Not well suited to cap and trade.
Landfills 10.1 2.1% Somewhat suitable.
Petroleum and Natural Gas Supply 2.8 0.6% Somewhat suitable.
Wastewater Treatment 1.9 0.4% Not well suited to cap and trade.
Fossil Fuel Combustion (Stationary and Mobile Sources) 1.8 0.4% Stationary sources highly suitable.
Burning of Agriculture Residues 0.1 0.0% Not well suited to cap and trade.
Nitrous Oxide Emissions 33.6 7.1%
Agricultural Soils 18.6 3.9% Not well suited to cap and trade.
Fossil Fuel Combustion (Stationary and Mobile Sources) 12.9 2.7% Stationary sources highly suitable.
Other Nitrous Oxide Sources 21 0.4%
High Global Warming Potential (GWP) Gases 17.3 3.7%
Substitution of Ozone Depleting Substances 15.5 3.3% Individual sources too diffuse.
SFe from Electricity Transmission and Distribution 1.2 0.3% Somewhat suitable.
Semiconductor Manufacture 0.5 0.1% Somewhat suitable.
Total California Emissions 473.8 100.0%

Excludes international bunker fuel carbon dioxide emissions of 31.8 MMT. Values may not add to totals due to rounding.

Source: Bemis, Gerry and Jennifer Allen, Inventory of California Greenhouse Gas Emissions and Sinks: 1990 to 2002 Update, California Energy Commission Staff
Paper, Sacramento, California, Report CEC 600 2005 025, June 2005, Table 1, p. 21.
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An ERC can be created by a facility that reduces its emissions below some pre-existing
regulatory baseline level of emissions. Once the emission reduction is verified, a tradable
instrument, an ERC, is issued by the regulator to the entity that achieved the emission
reduction. The ERC can be sold to a second entity that is required to reduce its emissions. The
emissions reduction represented by the ERC is used by the second entity to comply with its
emission limit.

Under an ERC-based program, trading ERCs provides a facility with flexibility on how to achieve
its regulatory baseline. The facility may reduce emissions or purchase ERCs from another
facility with excess emission reductions. As part of a cap-and-trade program, tradable ERCs
can be used to motivate emission reductions from entities that are outside the cap. As
discussed in the previous section, a cap-and-trade program may exclude certain types of
emission sources. Tradable ERCs can be used to motivate and capture emission reductions
from entities outside the cap using the following process:

* An entity would undertake a project that reduced emissions from sources that are outside
the emission cap. Once the emission reduction is verified, a tradable instrument would be
issued by the regulator that represents the emission reduction.

* An entity that is covered by the cap can purchase the instrument that represents the verified
emission reduction and use it as an emission allowance.

Using this process, entities inside the cap can pay for verified emission reductions achieved by
sources outside the cap. In the discussion in Chapter 3, we refer to these verified emission
reductions as emission offsets. Offsets can be a valuable component of a cap-and-trade
program by increasing the diversity of emission reduction opportunities that are available to help
achieve the cap.

2.4 Recent Experience with Cap and Trade as a Market-Based Emissions
Reduction Policy

In the United States three cap-and-trade programs have been used to reduce air emissions:
The Acid Rain Trading Program; the Northeast NOx Budget Program; and the Regional Clean
Air Incentives Market (RECLAIM) Program. A full description of these programs is beyond the
scope of this paper. Several summaries are available for review, including: Emissions Trading
in the U.S. (Ellerman, Joskow, and Harrison); “How Environmental Laws Work: An Analysis of
the Utility Sector's Response to Regulation of Nitrogen Oxides and Sulfur Dioxide Under the
Clean Air Act” (Swift); US Experience with Emissions Trading (Clean Air Action Corporation);
and An Evaluation of the South Coast Air Quality Management District’s Regional Clean Air
Incentive Market — Lessons in Environmental Markets and Innovation (USEPA)." The following
are brief overviews of the three U.S. programs, followed by a brief summary of the newly
developed European Union Emission Trading program.

Acid Rain Trading Program

Title IV of the Clean Air Act Amendments (CAAA) of 1990 set a goal of reducing annual sulfur
dioxide (SO2) emissions by 10 million tons below 1980 levels. To achieve these reductions, the
CAAA established an emissions trading system to reduce SO, emissions from fossil-fuel
burning power plants in the continental 48 states. The program consisted of two phases:

* Phase |, from 1995 to 1999, covered 263 electric generating units larger than 100 MW with
an annual average emission rate in 1985 greater than 3.4 kilograms of SO, per kJ of heat
input. Emissions caps for these Phase | units were provided in the Act.

* In Phase Il, beginning in 2000, additional plants having generating units larger than 25 MW
were added to the program. Phase Il limited emissions to an annual cap of 8.12 million
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tons, equivalent to an average emission rate of 0.98 kg/kJ, when divided by the mid-1980s
level of heat input at fossil-fuel burning power plants. This cap level is about half of the total
electric utility SO, emissions in the early 1980s.

Phase Il generating units had the option of opting-in to the program in Phase |, and industrial
units emitting SO, had the option of participating in the program, starting either in Phase | or
Phase II.

Caps on emissions were implemented by issuing tradable allowances that in total equaled the
annual cap. To comply, sources were required to surrender one allowance for each ton of
emissions. A source that had more allowances than it needed could sell its excess allowances,
and sources that required additional allowances to cover emissions could purchase allowances.
Allowances not used in the year they were issued could be banked for future use.

Most of the allowances were issued to sources on the basis of each unit’'s average annual heat
input during the three-year baseline period, 1985 to 1987, multiplied by their specified emissions
rate, which in turn depended on the plant category. In all, each of 35 different types of plants
received allowances based on a different formula. A small share (2.8 percent) of allowances
was sold through an annual auction conducted to ensure the availability of allowances for new
generating units. The revenues from these sales were returned to the owners of the existing
units on a pro rata basis.

The trading program relied on emissions monitoring equipment and tracking provisions. All
participating units were required to use continuous emissions monitoring systems (CEMS) or an
approved alternative measurement method. The data are made available publicly to ensure
program transparency. At the end of the year, compliance is demonstrated by comparing each
unit’s allowances to the unit's total annual SO, emissions. Units with too few allowances are
subject to two penalties: (1) a fine; and (2) a requirement to offset the excess emissions with an
equivalent number of allowances.

Following implementation of the program, an allowance market emerged and a significant
amount of trading took place. As explained by Ellerman, Joskow and Harrison, the allowance
trading market has been active and efficient, with reliable price discovery and liquidity." Swift
confirms the effectiveness of the trading market, highlighting the transparency and consistency
of price quotes.” However, Swift also points out that a relatively small portion of the trading
activity has been inter-firm trades performed for emission compliance purposes.

The Acid Rain Program has experienced a near-perfect record of compliance. Because all
participating units must have working CEMs, there is no question as to the number of
allowances that are needed for compliance. The fine for non-compliance is significant (roughly
ten times greater than the cost of allowances) and automatic. The ability to “bank” unused
emission allowances from one period into subsequent periods is credited with producing
significant levels of early emission reductions.

The overall view of the program is that it has successfully reduced SO, emissions in a manner
that cost less than what would have likely been the case with command-and-control style
requirements. Ellerman, Joskow and Harrison estimate that during the first 13 years of the
program, compliance costs were reduced by 57% as a result of the ability to trade emission
allowances across affected units."

Northeast NOx Budget Program

Section 176 of the Clean Air Act permits the creation of commissions to deal with regional air
pollution issues, and Section 184 of the Act specifically created the first such commission, the
Ozone Transport Commission (OTC). The OTC was created to coordinate actions among the
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Northeastern and Mid-Atlantic States and the District of Columbia to address persistent air
quality problems along the Northeastern Corridor. In 1994, these jurisdictions signed a
Memorandum of Understanding that established the “NOx Budget Program” to control NOx
emissions from electric utility and large industrial boilers.

NOx is a criteria pollutant regulated under the Clean Air Act, and contributes to various
environmental problems including the formation of ozone or “smog.” After initially controlling
NOx through technology standards, the OTC implemented a cap-and-trade program to limit
emissions in the entire region during the May to September ozone season. The states
developed a model emissions trading rule that all could adopt. Each state retained control over
how to allocate emission allowances within their state. Electric generators with capacities of

15 MW or greater, and comparably sized industrial boilers were included in the program.

The initial phase of the program, running from 1999 through 2002, included 11 states and the
District of Columbia. The program covered more than 900 electric generating units and more
than 100 industrial sources.” During this phase, the cap was set at a reduction of about 60%
from pre-control 1990 levels. Starting in 2003, the program was revised to incorporate 19 states
and the District of Columbia, and is referred to as the NOx SIP Call program. The cap was
reduced to set a 75% reduction, starting in 2003.

While similar to the acid rain trading system, a key feature of the NOx program is that it restricts
the use of banked emission allowances. The restrictions were instituted to prevent significant
increases in emissions over the emissions cap. If the total amount of banked emission
allowances used in a year exceeds 10% of the cap, a portion of the banked allowances are
“discounted” by 50%. The portion of banked allowances discounted increases as the number of
banked allowances exercised increases.

Reportedly, the NOx trading market got off to a slow start, but subsequently has developed into
an active market.”™ Significant price volatility was observed in the first year of the program,
which subsequently leveled out.” As with the acid rain program, the opportunity to trade
emission allowances has been credited with significantly reducing the cost of achieving the
emission targets.

Overall, through a combination of emissions standards and the cap-and-trade program, the
OTC region achieved a 59% reduction in NOx emissions between 1990 and 2002. All
participating states except for Maryland and the District of Columbia had emissions below their
NOx budget levels in 2002, and both average and peak daily emissions have declined overall.
Emission reductions have continued to be achieved under the NOx SIP Call implementation of
the program. In 2004, ozone season power industry NOx emissions were reduced by about
30% from 2003 levels and by about 50% from 2000 levels (before the NOx SIP Call was
implemented).

One of the significant innovations of the OTC cap-and-trade program is that it was implemented
using a coordinated multi-jurisdictional approach. The participating states developed
complementary rules and facilitated the creation of a regional emission trading market.

RECLAIM

The Regional Clean Air Incentives Market (RECLAIM) is a cap-and-trade program developed
and implemented by the California South Coast Air Quality Management District (SCAQMD).
The objective of the program is to improve air quality by reducing NOx and SOx emissions in
the South Coast air basin. Adopted in October 1993, the program includes more than

350 participants in its NOx market and about 40 participants in its SOx market.*
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As a market-based program, RECLAIM provides flexibility regarding how to reduce emissions
and comply with the emission cap. NOx and/or SOx emission allocations were issued based on
historical activity levels and applicable emission controls. Facilities have the option of reducing
emissions to the level of their emission allowance allocation or purchasing RECLAIM Trading
Credits (RTCs) from other facilities.

The RECLAIM emission goal was to reduce NOx and SOx emissions from the affected facilities
by about 50% by 2003 from early-1990 levels.” The mechanism for allocating emission
allowances was reportedly contentious, with numerous competing formulas considered.™ The
program incorporated unique features, including geographic limits on trading of emission
allowances. Facilities in the coastal zone were permitted to purchase emission allowances only
from facilities located in the coastal zone. Facilities in the inland zone could purchase emission
allowances from facilities in either the coastal or the inland zone. This trading limitation was
used to prevent coastal emissions from increasing and adversely affecting the inland area
(which is generally downwind of the coastal area).”’ The program also limited emission banking
in order to prevent emissions from increasing in future years.

During its initial years of implementation, a RECLAIM trading market developed. Actual
emissions were below the cap in the early years, so that trades were primarily for allowances
that applied to later years. Because emissions were below the cap, allowance prices were
modest and new emission control equipment was not required. In 2000, the RECLAIM trading
market for NOx experienced significant price spikes that subsequently had a serious adverse
impact on the program. The factors that contributed to the problems were examined by the U.S.
EPA in 2002. Among the factors cited are:™

* During 1999 and 2000 the emission cap became binding for the first time. The actual
emissions from the participating facilities approached and exceeded the emission cap.
Program participants were unaware that the emission cap would become binding during this
period.

* Installing emission controls had not been a priority prior to the 1999/2000 period. Aggregate
emissions were below the cap and RTCs were available at reasonable prices.

* When the emission cap become binding, there was a shortage of RTCs. Facilities were
unable to comply by reducing emissions quickly because of lead times to install equipment.
Prices for RTCs increased from previous levels of on the order of $4,000 per ton in 1999 to
more than $45,000 per ton.*' Some participants reduced output to reduce emissions, while
others purchased RTCs at high prices.

* During this period, adverse impacts from the deregulation of the electric power sector in
California were also being felt. Opinions vary regarding the contribution of the power sector
deregulation problems to the price spikes in the RECLAIM trading market.*""

As a result of these events, NOx emissions exceeded its cap in 2000, although the majority of
facilities were able to remain in compliance. The program was changed to exclude electric
generators, who were returned to a command and control regulatory regime. The electric
generators were allowed to pay an emission mitigation fee of $15,000 per ton when they
exceeded their caps, with revenues used to pay for emission reductions elsewhere.""

This experience with RECLAIM demonstrates how unacceptably volatile market swings can
adversely affect a cap-and-trade program. Whether the price spikes would have occurred in the
absence of the electric power industry deregulation problems is not known. Because the
emission caps had not been binding for the initial years of the program, program participants
may have become complacent, and as a result they may have under-invested in emission
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control equipment. The lack of emission banking has also been cited as a factor that limited the
flexibility of facilities to comply by moving emissions among time periods.

European Union Emission Trading Program

The European Union has adopted a cap-and-trade program to control emissions of greenhouse
gases. This program, being initiated in 2005, will be the largest cap-and-trade program in the
world, involving 25 countries and more than 12,000 installations. The program is designed to
cap emissions by allocating emission allowances to facilities that fall under the cap. The
emission allowances may be traded among participating facilities. Kruger and Pizer summarize

. Xix

the program features, including the following:

* The EU emission limit was allocated to each of the member countries. Each country is
responsible for complying with its national limit.

* The emission trading program covers four sectors:
> Energy: electric power, oil refineries, and coke ovens;
» Metal ore, iron and steel production;
» Minerals: cement, lime, glass, and ceramics; and
» Pulp and paper.

* (CO,) emissions are covered in the initial implementation, with the possibility of additional
gases being added later.

e Each member state must develop and submit a plan for how it will distribute emission
allowances to the affected facilities. Up to 5% of emissions allowances may be auctioned
during the first compliance period (2005-2007) and up to 10% may be auctioned during the
second compliance period (2008-2012). All remaining allowances must be distributed to
participating installations.

* Installations are required to prepare and report installation-specific emission inventories.
Installations must hold sufficient emission allowances to cover their total emissions during
the compliance period.

* Emission offsets from outside the EU can be used by member countries to meet their
national emission limits.

* Banking of emissions is permitted between compliance periods. Each member state may
develop its own rules for banking.

* Emissions in excess of allowances will result in a penalty of €40 per ton of CO, during the
first compliance period and €100 per ton during the second compliance period.

Because this is a new program, it is too early to draw conclusions regarding its effectiveness.
The program is designed to have very broad coverage across sources, and focuses on the
GHG (CO,) for which emissions estimates are most reliable. The fixed non-compliance
penalties provide an upper bound on the compliance costs for the program.

2.5 Is Cap and Trade Appropriate for Reducing Greenhouse Gas Emissions
in California?

It is appropriate to ask whether a cap-and-trade strategy is an appropriate policy tool to consider
for reducing GHG emissions in California. In particular, do the sources of GHG emissions in the
state have the characteristics needed to enable a cap-and-trade program to operate
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successfully? We find that many of the necessary elements exist to support the use of a cap-
and-trade program.

* Multiple Diverse Sources: GHGs are emitted by a large and diverse set of sources in the
state. Depending on how many sources the program is designed to cover, there appear to
be enough sources to support an emission allowance trading market.

* Diverse Emission Reduction Opportunities: The diverse set of GHG emission sources
has a wide variety of emission reduction opportunities. Therefore, significant benefits may
be derived from allowing trading of emission allowances. The allowance market will provide
value by enabling the least-cost emission reduction options to be implemented first.

* Most Emissions Can be Estimated with Confidence: CO, emissions, particularly from
fossil fuel combustion, can be estimated with enough precision to enable facility-level
emission reports to be prepared and verified. The facility-level reports can be used to track
emissions and compliance. Most of the non-CO, emissions are more difficult to estimate,
and it will be more difficult to ensure the quality of non-CO, emission reports. Consequently,
the non-CO, emissions may not be as suitable for inclusion in a cap-and-trade program at
this time.

* Compliance Flexibility: Unlike criteria pollutants and toxics that affect local air quality,
GHGs have no direct local air quality impacts. Consequently, emission trading is not
expected to produce adverse local environmental impacts due to concentrations of GHG
emissions. Additionally, GHGs have long atmospheric lifetimes, so that emission banking
over several years can also be used to provide compliance flexibility without adversely
affecting total GHG abundance in the atmosphere. However, potential impacts may arise
from spatially concentrated emissions of pollutants that are produced jointly with GHGs in
some processes. Potential environmental justice concerns in this regard are discussed in
Section 4.

While these points support the applicability of a cap-and-trade program, as discussed above in
Section 2.2, not all sources are conducive to being included in a cap-and-trade program.
Sources highly or somewhat suitable for including in a cap-and-trade program account for only
about 35% of statewide GHG emissions (see Exhibit 1 above). Most notably, the largest source
of GHG emissions in the state, the transportation sector, is not easily included in a cap-and-
trade program, unless an upstream approach is used.

There are several issues that need to be addressed in order for a cap-and-trade program to
work properly in California. Although the state has various regulatory agencies and authorities,
an organization responsible for the program must be defined, and additional regulatory authority
is likely to be required. Also, the state GHG emission inventory does not currently include
facility-level emissions data. A comprehensive facility-level emission inventory is needed to
provide the foundation for developing a cap-and-trade program, including defining the facilities
that would fall under the cap and estimating the portion of total state emissions that we be
included. Some form of mandatory reporting of facility-level GHG emissions would be needed
to establish an effective and workable program.

The primary weakness associated with implementing a cap-and-trade program only in California
is that it will be vulnerable to emission leakage. If the state implements the program without
other western states, there will be an incentive for activities that emit GHGs to shift to
neighboring states to avoid the emission cap. If this occurs, emissions may decline in the state,
only to increase in neighboring states. A coordinated national approach to capping GHG
emissions within an international framework would be the best approach for addressing this
leakage problem. In the absence of national action, or even regional action, the leakage issues
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may only be partially mitigated. If the state implements a cap-and-trade program without
regional or national coordination, data should be collected to track leakage over time so its
impact can be assessed on the state economy and on the effectiveness of the emissions cap.
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3. Cap-and-Trade Program Design Options for
Reducing Greenhouse Gas Emissions in California

3.1 Program Design Options

This chapter presents the design options for a cap-and-trade program. The chapter is divided
into the following sections:

Scope: The scope of the cap-and-trade program defines the sectors, sources, or activities
that are included under the cap. Based on the scope, the entities or facilities required to
participate in the program can be identified. Entities and facilities that fall outside the scope
of the program are not required to participate.

Greenhouse gases covered: The greenhouse gases (GHGs) included in the cap-and-
trade program must be defined.

Allowance distribution: The method by which emission allowances are distributed to
entities and facilities included in the program must be defined.

Allowance trading: The program must define whether and how to allow trading of
allowances.

Allowance banking and borrowing: The manner in which allowances can be banked for
future use or borrowed against future limits must be defined.

Emission offsets: Offsets are verified emission reductions achieved by entities and
facilities that do not fall under the cap-and-trade program. Whether to allow entities under
the program to comply with the cap by acquiring emission offsets must be determined.

Compliance and enforcement: The manner in which compliance and enforcement will be
performed must be defined.

In each section below, the design element is defined, and options are provided with a
discussion of the pros and cons for each.

Prior to examining each of these program design elements, it is useful to emphasize two
overarching principles regarding cap-and-trade programs. As discussed above in Chapter 2, a
primary benefit of using a cap-and-trade program to reduce GHG emissions is its ability to
reduce emissions at the least possible cost. Taking maximum advantage of this fundamental
aspect of a cap-and-trade program implies the following design considerations:

Broad Coverage is Preferred: Broad coverage has multiple benefits for a cap-and-trade
program. First, it helps to ensure that emissions will be reduced at the lowest possible cost.
By covering a broad range of emission sources, the program can capture the least-cost
emission reduction opportunities. Second, broad coverage enlarges the set of emissions
sources with an incentive to innovate to find ways to reduce emissions. Spurring innovation
is an important mechanism by which a cap-and-trade program helps to lower the cost of
reducing emissions. Third, broad coverage enables the cap-and-trade program to have a
direct impact on a large portion of total GHG emissions. Broad program coverage generally
argues in favor of a broad scope, including as many sources as possible and including all
GHGs. Broad coverage also implies that offsets should be incorporated into the program to
capture emission reduction opportunities that fall outside the cap.

Flexibility is Preferred: Flexibility is critical to lowering the cost of reducing GHG
emissions. Cap-and-trade programs provide those that fall under the cap with the flexibility
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to meet their obligation under the cap using methods of their own choosing. Some entities
may choose to reduce emissions, while others may prefer to purchase emission allowances.
The opportunity to trade emission allowances is the fundamental mechanism that enables
the low-cost emission reduction options to be undertaken. Flexibility argues in favor of:
unrestricted trading of emission allowances; the incorporation of emission offsets into the
program; and the ability to bank and borrow emission allowances across time periods.

The desire for broad coverage and maximum flexibility must be tempered by administrative
realities and industry-specific considerations. As discussed above in Section 2.2, not all
sources are appropriate for including in a cap-and-trade program. Consequently, there is no
one best answer for how to design a cap-and-trade program to reduce GHG emissions. Rather,
trade-offs are required to create a program that promotes low-cost emission reductions in a
framework that is equitable and administratively feasible.

3.2 Program Scope

The scope of the cap-and-trade program defines the industries, sectors, emission sources, or
activities that are included under the cap. Based on the scope, the entities or facilities required
to participate in the program can be identified. Entities and facilities that fall outside the scope
of the program are not required to participate.

We examine three ways in which the scope of the program could be defined:
* Sectors: Scope can be defined by the industry sectors included in the program.

» Stationary Combustion Sources: The scope can be defined to encompass all major fossil
fuel stationary combustion sources. Under this option, sources would be included without
reference to their industry sector.

* Comprehensive Fuels: The scope can be defined by the fossil fuels covered by the cap.

Each of these three approaches can be implemented at varying degrees of comprehensiveness
of coverage. Each is discussed in turn.

3.2.1 Scope Defined by Sectors

The scope of the cap-and-trade program can be defined in terms of sectors that are required to
participate in the program and comply with the emissions cap. A “sector” can be considered to
be a set of facilities that conduct similar activities to produce a similar set of goods or services.
To define the scope in terms of sectors, a list of facilities that fall into each sector would be
required. Developing this list of facilities would be a critical first step in creating a cap-and-trade
program organized by sectors.

In the United States, the North American Industry Classification System (NAICS) is used to
describe economic activity by industry sector." The NAICS groups “like processes” that are
used to produce goods or services to provide a "production-oriented" classification system.
Therefore, NAICS codes could be used to define the sectors included in the program. One
advantage of relying on NAICS codes is that these codes are recognized throughout the U.S.,
enabling a California-based program to be harmonized with a regional or national cap-and-trade
program. Additionally, NAICS is used in Canada and Mexico, providing the potential to facilitate
coordination with GHG programs in those countries.

' In 1997 the NAICS replaced the Standard Industrial Classification (SIC) Code system in the U.S. A
description of NAICS is available from the U.S. Bureau of the Census at:
http://www.census.gov/epcd/www/naics.html.
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Ideally, as many sectors as possible should be included in order to have the broadest scope
possible. Exhibit 2 presents a summary of the number of entities and the portion of total state
GHG emissions accounted for by each of the sectors discussed here. Our discussion of sectors
is divided into the three parts shown in the exhibit.

* Electric Power Sector: Depending on how the electric power sector is defined, as much as
20% of the state GHG inventory could be covered by this sector, making it the second-
largest source in the state. Section 3.2.1.1 discusses several alternatives for defining the
electric power sector.

e Other Industrial Sectors: The other industries that could reasonably be included in the
program account for about 10% of total GHG emissions in the state. Section 3.2.1.2
discusses these other sectors.

* Mobile Sources: The mobile source sector accounts for about 42% of total state
emissions, making it the largest source in the state. As discussed in Section 3.2.1.3, there
are challenges to including mobile sources in a cap-and-trade program that is defined in
terms of sectors.

Exhibit 2: Summary of Sectors for Defining Program Scope

Portion of State GHG
# Entities Emissions

Electric Power Sector:

Generation Based: In-state generators (225 MW) ~313 facilities =10%
Load Serving Entity Based:
Investor Owned Utilities Only 3 10Us =14% (approx)?
All Load Serving Entities =47 LSEs =20%"°
Other Sectors:
Oil Refining 21 refineries ~3%
Oil and Gas Extraction 429 facilities =3%
Landfills =300 landfills =2%
Cement Production 11 cement plants =1.5%
Others (various) <1%
Mobile Sources:
Motor Gasoline (light duty vehicles, on and off road) (see text) ~28%
Diesel — on road =7%
Domestic Aviation ~6%
Other <2%

a. Includes emissions from electricity imports.

Sources: Number of entities from various state databases, see text. GHG emissions estimates from Bemis, Gerry
and Jennifer Allen, Inventory of California Greenhouse Gas Emissions and Sinks: 1990 to 2002 Update, California
Energy Commission Staff Paper, Sacramento, California, Report CEC-600-2005-025, June 2005.

We have not included several sectors in our discussion of a sector-based approach to defining
the scope of the program. Residential and commercial fossil fuel combustion (almost
exclusively natural gas) is not easily included in a sector-based cap-and-trade program due to
the very large number of sources involved. We excluded agriculture sources from
consideration, including emissions from livestock, manure management, and soils, because
emissions from these biogenic processes are difficult to quantify precisely at the facility level.
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Finally, input from stakeholders and others suggests strongly that forest-management emissions
are better addressed as part of an offset approach, rather than under the cap (see Section 3.7).

3.2.1.1 Electric Power Sector

The electricity sector is the second largest source of GHG emissions in California, following the
mobile source sector, which is the single largest source of GHG emissions in the state. The
electricity sector accounts for nearly 20% of total statewide emissions of greenhouse gases, if
emissions from imported power are included in the total.

* In-state electricity generation represents approximately 80% of electricity consumed in
California and 10% of total state emissions of greenhouse gases.

* Imported power accounts for about 20% of electricity consumed in California, and 10% of
the total state emissions.

Compared to in-state generation, imported power has higher GHG emissions per unit of
electricity beca